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Objectives: Several studies have shown that an increase in abdominal aortic aneurysm (AAA) growth rate occurs when the
diameter reaches 40 to 50 mm. AAA expansion is related to remodeling of the parietal extracellular matrix. The parietal
mechanisms involved in this critical phase of sudden increase remain unexplained. Analysis of AAA wall movements and
determination of AAA compliance may provide information about the constitution of the arterial wall. If a change in
parietal wall motion somewhere between 40 and 50 mm could be shown, this would contribute to the understanding of
the growth of AAA. Furthermore, it would provide a valuable additional parameter for AAAmonitoring. This study had
two aims: first, to evaluate the relationship between AAA compliance and maximum diameter using the tissue Doppler
imaging system; and second, to test the hypothesis of a change in AAA behavior at around 45 mm in diameter.
Methods: Fifty-six patients with AAA (mean diameter, 39 mm) were prospectively investigated using the tissue Doppler
imaging system, which provides information concerning arterial wall motion. Maximum mean segmental dilation
(MMSD), segmental compliance, pressure strain elastic modulus (Ep), and stiffness were determined and related to the
maximum diameter of AAA.
Results: After natural log transformation of all variables, there was a significant positive linear relationship between
maximum diameter and both MMSD (P< .001) and segmental compliance (P< .001) but not with Ep or stiffness (P
.37 and .22, respectively). MMSD and segmental compliance were significantly higher in AAA > 45 mm than in AAA <
45 mm (P < .0002 and <.004, respectively). Ep and stiffness tended to decrease in larger AAAs, but this was not
statistically significant (P < .43 and .24, respectively). Dispersion of Ep and stiffness values seemed to be wider among
AAA < 45 mm compared with those >45 mm.
Conclusion: Compliance parameters can easily be measured during routine AAA ultrasound monitoring using the tissue
Doppler imaging system. The study showed an increase in MMSD and segmental compliance as well as a nonsignificant
trend toward increased distensibility (decreased Ep and stiffness) with increased AAA diameter. A change in dispersion
of AAA distensibility may appear around 45mm in diameter, but a larger study will be needed to clarify this. ( J Vasc Surg
2005;42:18-26.)The natural history of abdominal aortic aneurysm
(AAA) involves diameter enlargement, which may lead to
rupture. Studies concerning AAA expansion rates have
shown a correlation between baseline diameter and growth
rate. Both linear and exponential models of growth rates
have been tested, and Limet showed the statistically signif-
icant superiority of the exponential model over the linear
model.1,2 A triphasic evolution was also proposed, com-
prising a quiescent phase, a critical phase, and a third phase
during which the growth rate was clearly higher. The
critical phase was observed between 45 and 55 mm. In a
recent study Brady suggested that AAA of 50 mm in
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18diameter grew 70% faster than those of 40 mm.3 Both
studies indicated a change in AAA behavior around 45mm.
This hypothesis is based on ultrasound or computed to-
mography measurement of AAA diameter during the fol-
low-up of large cohorts of patients. No additional informa-
tion concerning parietal AAA properties is currently
available to explain a change in growth rate at around these
diameters.
AAA enlargement is related to remodeling of the pari-
etal extracellular matrix, particularly to collagen and elastin
metabolism.4-6 Direct biologic and histologic analysis of
parietal AAA characteristics would be of great value in
understanding what is happening at around 45mm and the
different mechanisms involved in determining the onset
and speed of AAA enlargement. Such analysis in human
beings is unfortunately limited because: first, the main
indications for surgery for asymptomatic AAA are an AAA
diameter 55 mm and rapidly growing small aneurysms7,8;
and second, the second situation remains infrequent. The
parietal mechanisms involved in the critical phase of a
sudden increase in AAA enlargement or increased growth
rate therefore remain unexplained. Another approach
might be analysis of AAA wall movements and determina-
tion of AAA compliance, which provides information about
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wall motion between 40 and 50 mm could be shown, it
would represent an additional contribution to the under-
standing of the natural history and growth of AAA. Fur-
thermore, a recent study showed that a change in distensi-
bility was a significant predictor of risk of AAA rupture
independently of AAA diameter,9 and the author proposed
including distensibility in any AAAmonitoring program, in
addition to other factors. If subsequent studies might con-
firm this conclusion, distensibility would provide a valuable
additional parameter for AAA monitoring, for instance,
monitoring intervals between ultrasonic controls.
Parietal wall motion and compliance parameters of
AAA have mainly been studied using echo-tracking systems
based on analysis of radiofrequency signals10 or an elec-
tronic phase-locked echo-tracking system.9,11-14 These sys-
tems are not widely used, and this may explain why little is
known about AAA wall behavior. Moreover, only a single
diameter could be studied: in these studies, AAA compli-
ance was analyzed locally at the maximum anteroposterior
(AP) diameter. An original technique based on tissue
Doppler imaging (TDI) has recently been validated for
measurement of aortic compliance in healthy subjects and
patients with AAA.15,16 It allows segmental analysis of
displacements of the aorta walls from a longitudinal view in
addition to providing data concerning one selected diame-
ter. Furthermore, visual display of the results provides a
spatial view of AAA movements during the whole recorded
sequence.
The aims of this study were: first, to evaluate the
relationship between parameters of AAA compliance and
maximum AAA AP diameter using the TDI system; and
second, to test the hypothesis of a change in AAA behavior
at around 45 mm in diameter.
MATERIALS AND METHODS
Description of the TDI system
TDI imaging. TDI is an ultrasonographic mode that
measures the velocity component in the direction of the
beam. It allows measurement of small tissular displace-
ments. This measurement may not be precise enough with
direct use of B-mode imaging. Pixel size is indeed about 0.5
mm, whereas the maximum wall displacement may be only
100 m. This technique was named TDI as a reference to
the well-known color Doppler imaging, which measures
motion of blood. It was initially developed to study move-
ment of the myocardium or endocardium.17,18 The TDI
modality has recently been used by Philips Medical Systems
in an original arterial wall motion measurement system
analyzing systolo-diastolic displacements of the arterial
walls during cardiac cycles.19 The main particularity is that
arterial wall motion can be studied along an arterial seg-
ment and at a definite arterial diameter. It has been applied
to the carotid artery,20,21 then to the abdominal aorta in
healthy subjects15 and in patients with AAA.16
Principles of the TDI system. The system has previ-
ously been described in detail.15-16 Briefly, a longitudinalB-mode view of AAA is acquired associated with TDI,
using a 5-2 MHz curved abdominal probe (ultrasound
scanner HDI 5000, Philips Medical Systems, Eindhoven,
The Netherlands). Each sequence includes several cardiac
cycles. Sequence processing with prototype software (Phil-
ips Research, Suresnes, France) comprises identification of
the anterior and posterior AAA walls in the echographic
images, motion quantification using the TDI information,
and display of the results.
Identification of AAA walls. This stage consists of
localizing the interface between the anterior and posterior
walls of the AAA and the surrounding tissues in each image
of the sequence. Interface identification is first performed
by the user in one image of the sequence using semiauto-
matic segmentation. Wall identification is then automati-
cally propagated in all images of the sequence, and accuracy
of interface identification is then visually reviewed in the
automated portion. The segment of AAA that is finally
analyzed by the system is defined by the identification of the
anterior and posterior walls. In this study, interface identi-
fication was performed along the anterior and posterior
walls of the whole AAA, so the whole AAA segment could
finally be analyzed by the system. Study of delimited parts
of interest of AAA may also be performed.
Quantification of AAA wall motion. Tissue motion
imaging allows slow motion detection, and consequently
the measurement of displacements with an accuracy of a
few micrometers.20 When applied to the longitudinal B-
mode view of an arterial segment, that is, normal or aneu-
rysmal aorta, the TDI modality provides instantaneous
speed of displacement of each point located on arterial
walls. TDI velocity information is selected throughout the
identified anterior and posterior walls of the AAA. The
information is then integrated in relation to time to provide
the temporal displacement of each AAA wall during the
sequence of images. Displacements are corrected to com-
pensate for the Doppler angle. Quantification of AAA wall
motion consists of combining anterior and posterior wall
displacements. This provides information concerning
changes in diameter of the AAA in relation to time (includ-
ing several cardiac cycles) and space (along the AAA seg-
ment imaged by the ultrasound scanner).
Display of results. For each frame of the sequence
(Fig 1), the display shows both the anterior and posterior
AAA walls (thick lines) and their displacements (thin lines).
It provides modifications in diameter of the previously
selected segment of AAA along time, but it does not allow
one to assess modification in volume. Systolic and diastolic
changes in diameter (or dilation) are defined as the sum of
the anterior and posterior displacements. Two modes of
analysis are possible, analysis of the previously selected
segment of AAA (corresponding to a segmental analysis)
and analysis of a diameter of interest.
The first mode consists of analyzing the systolic and
diastolic wall movement of the selected segment of AAA,
here the whole AAA, in a longitudinal view (spatial move-
ment) during the sequence (temporal movement). During
one cycle, both anterior and posterior walls reach a maxi-
lines
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position). A point located on the anterior aortic wall is
associated with the point on the same TDI beam line
located on the posterior wall. The dilation is calculated for
a definite number of pairs of points located on each wall.
The second mode consists of analyzing the systolic and
diastolic wall movement of a diameter of interest: the
maximum systolic-diastolic change of the selected diameter
is called dilation.
Obviously the medial and lateral walls could have dif-
Fig 1. Wall motion of an aortic abdominal aneurysm w
maximum expansion (A) and end of diastole (B). Becaus
the image scale, their representation in the image as thinfering motions, so these data will provide an estimate ofcompliance using diameter changes and not volume
changes.
Sequence analysis protocol
Analysis of AAA. Two types of information can be
extracted after sequence processing. Firstly, the software
automatically calculates the maximum mean segmental di-
lation (MMSD) throughout the whole recorded sequence.
MMSD is calculated as follows: first, a spatial average of the
maximum systolic diastolic dilation of all couples of points
alls (thick lines) and wall displacements (thin lines) at
mplitudes of the displacements are small compared with
is multiplied by a magnifying factor.ith w
e the adescribing the analyzed segment is calculated for one car-
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cardiac cycle. Then the spatial averages are themselves
temporally averaged. This measurement has been graphi-
cally schematized in previous publications.15,16 This pro-
vides spatio-temporal information on the behavior of the
whole AAA. Regarding arterial fibrillation, the method of
calculation of MMSD and dilation was not affected by a
possible arrhythmia because the software takes into account
all of the cycles.
Secondly, the maximum AP diameter of the AAA dur-
ing systole (Dsyst) is selected and its corresponding dilation
is provided automatically. The diastolic diameter (Ddiast) is
then calculated as Dsyst minus Dilation.
Definitions of parameters. Four parameters were
used to estimate AAA wall compliance in this study. Two of
them characterized the spatio-temporal behavior of the
AAA segment: MMSD (m),16 and segmental compliance
 [2 MMSD]/PP (m/Pa),16 where pulsed pressure (PP)
is the change in systolic-diastolic blood pressure, and PP
(mm Hg) is converted to PP (Pa) using the equation PP
(Pa)  133.3 PP (mm Hg).
The other parameters characterized the behavior of the
AAA at its maximum AP diameter: pressure strain elastic
modulus (Ep)  [PP]/[dilation/Ddiast] (Pa),22 equal to
PP*(Dsyst/dilation 1); and stiffness () [loge (systolic
BP/diastolic BP)]/[dilation/Ddiast)],23 equal to loge
[(systolic BP/diastolic BP)  (Dsyst/dilation  1)]. Sys-
tolic BP and diastolic BP were the maximum systolic and
end-diastolic blood pressure levels, respectively. Ep and 
express parietal stiffness, that is, the higher the Ep and ,
the less distensible the artery and the lower the arterial wall
compliance.13
Calculation of pressure strain elastic modulus and stiff-
ness requires the diastolic diameter. In cases of segmental
analysis of AAA, this parameter could not be calculated
because it differs from one diameter to another. That is why
segmental analysis only includes MMSD and segmental
compliance, whereas analysis at one diameter (here the
maximum diameter) includes pressure strain elastic modu-
lus and stiffness.
Previous validation of the system
The TDI system has previously been validated in vitro
using a flow phantom, then in 24 healthy volunteers, and in
35 patients with AAA.15,16,19 The clinical validation in-
cluded a reproducibility study and comparisons of param-
eters values obtained with TDI with already published
data.15,16
Reproducibility was assessed by studying the reproduc-
ibility of parameters directly extracted from the software,
particularly MMSD, and dilation. Two parts were distin-
guished in these preliminary studies: reproducibility for
reading and for acquisition.15,16 Concerning AAA, reading
reproducibility for MMSD and for dilation gave respec-
tively a mean difference [95% limits of acceptability] in
values between19 [126; 87] and 19 m [140; 178],
and between 56.3 [373; 260] and 1 [328; 326]
m. Acquisition reproducibility forMMSD and for dilationgave respectively a mean difference [95% limits of accept-
ability] in values between27 [487; 433] and 27 [362;
417] m, and between 4.3 [578; 587] and 24 [538;
586] m.16 Reproducibility takes into account all of the
steps from acquisition to extraction of data.
Subjects
Fifty-six patients with AAA included in the prospective
Amethyst (Aneurysm Metalloproteinases and Hyperten-
sion Study: Cardiovascular remodeling and circulating lev-
els of matrix metalloproteinases and of their tissue inhibi-
tors: cross-sectional and prospective study of aortic
aneurysms. Direct individual benefit study supported by
the Fondation pour la RechercheMédicale (ARS 2000 No.
3.08) and the Fondation de France (2002005043), pro-
moted by INSERM (RBM 01-37), conducted at the Clin-
ical Investigation Center of the Hôpital Européen Georges
Pompidou) study were examined consecutively. This study
running at our institution includes measurement of AAA
compliance. Description of the population is summarized
in Table I. Noninvasive brachial arterial blood pressure
measurements were performed at the same time as ultra-
sonography, during the interval separating the two consec-
utive records (see below), after a bed rest period of at least
15 minutes. The same blood pressure monitor (Omron
M4, Omron, Japan) was used. This device has been vali-
dated by the French Health Products Safety Agency.
Study procedure
The study was carried out by a senior vascular specialist
experienced in vascular ultrasound. A portable personal
computer (Compac Presario 1700) containing the proto-
Table 1. Clinical characteristics
Variable Subjects (N  56)
Sex ratio, male/female 53/3
Mean age (range  SD) 70 (50-83  8.3)
Smoker
Currently 12
Not currently 37
No 7
Dyslipidemia
Yes, but not treated 2
Yes, treated 44
No 10
Diabetes
Yes, treated 8
No 48
Hypertension
Yes, but not treated 1
Yes, treated 40
No 15
Heart rate (SD) 62 (9.4)
Systolic BP (SD) (mm Hg) 138 (20)
Diastolic BP (SD) (mm Hg) 77 (10)
Pulse pressure (SD) (mm Hg) 60.5 (16.5)
Aneurysm, anteroposterior diameter (mm) 39 (10)
BP  Blood pressure; Pa  Pascal; SD  standard deviation.type software was connected to the HDI 5000 scanner.
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as follows. After routine ultrasound study of the AAA, the
same single observer successively recorded two longitudinal
views of the AAA in B-mode and TDI with the same 5-2
abdominal probe during a 10-second period of apnea (ap-
proximately 230 frames). Both sequences were transferred
to the personal computer. The sequences were renamed,
stored on the computer hard disk, and analyzed later. Even
if some of the patients had obesity or intestinal gas, the
examination remained adequate.
Sequence analysis. Both sequences were analyzed by
the same observer. For each subject, two values were avail-
able for each of the following parameters: MMSD, dilata-
tion at the maximum AP diameter, and the corresponding
Ddiast, the final value being the mean of the two values.
Compliance parameters were therefore calculated. The sys-
tem is still a prototype, and calculation of final values have
not been automated until now. The amount of time re-
quired for the entire sequences (from data acquisition to
calculation of final values manually performed in a data
base) might be estimated to 15 to 20 minutes for each
patient.
Data analysis and statistical methods
Results are expressed as medians [interquartile range,
IQR].
Regression analysis was used to study the relationship
between compliance parameters and maximum AP; data
were studied after natural logarithmic (ln) transformation
because of their log normal distribution; P  .05 was
considered statistically significant.
AAAs were separated into two groups according to
their maximumAP diameter, group 1 (AAA 45mm) and
group 2 (AAA 45mm); theMann-Whitney test was used
to compare the two groups, and P  .05 was considered
statistically significant. Variability of all four parameters
(MMSD, segmental compliance, EP, and stiffness) was
semi-graphically represented in both groups using box-
and-whisker plots.24 The box indicates the lower (25th)
and upper (75th) percentiles, and the central line is the
median. The whiskers indicate the extreme values.
RESULTS
Values of variables
Values of AAA compliance parameters obtained in this
study are reported in Table II.
Relationship between maximum AP diameter and
compliance parameters
After natural log transformation of all variables, there
was a significant positive linear relationship between the
maximum AP diameter and both MMSD and segmental
compliance (Table III). In contrast, there was no linear
relationship between ln (maximum AP diameter) and
ln(Ep) or ln(stiffness) (Table III).Comparison of parameters between AAA < and >45
mm
The comparison between group 1 (n  39) and group
2 (n  17) is summarized in Table IV. Both segmental
parameters, MMSD and segmental compliance, were sig-
nificantly higher in group 2. There was no significant
difference for Ep or stiffness, although Ep and stiffness
tended to decrease in larger AAAs. In contrast, as shown in
Fig 2, A and B, Ep and stiffness values tended toward
greater dispersion among AAA  45 mm compared with
those45 mm; this was more striking after identifying two
outlying AAA 45 mm with higher Ep and stiffness values
largely outside the IQR values reported in Table III (cir-
cled). This dispersion was also shown by box plots repre-
sentation of both the entire population (Fig 3, A) and after
retrieval of outlying points (Fig 3, B).
DISCUSSION
In this study including 56 AAAs with a mean (standard
deviation) diameter of 39 (10) mm, median [IQR] values
for MMSD, segmental compliance, Ep, and stiffness re-
spectively were: 569 m [421; 883], 15.5 102 Pa/m
[9.8; 22.5], 3.42 105 Pa [2.7; 6], and 27.5 [22; 39]. Mean
(standard deviation) values obtained in a group of healthy
subjects with the same system were 1160 m (301), 4
101 Pa/m (1.2) , 0.6 105 Pa (0.21) and 5.2
Table II. Results
Parameters Median [IQR]
Segmental
MMSD (m) 569 [421; 883]
Segmental compliance (m/Pa) 15.5 [9.8; 22.5] 102
Maximum AP diameter
Ep (Pa) 3.42 105 [2.7; 6]
Stiffness 27.5 [22; 39]
MMSDMaximum mean segmental dilation; AP anteroposterior; Ep
pressure strain elastic modulus; Pa  pascal; IQR  interquartile range.
Table III. Correlation between parameters and
maximum anteroposterior diameter of AAAs after natural
log transformation
Parameters
ln (maximum AP diameter)
P* Slope R2
Segmental
ln MMSD .001 1.58 0.38
ln compliance .001 1.32 0.25
Maximum diameter
ln Ep .37 0.294 0.01
ln stiffness .22 0.37 0.03
ln  Natural log; AP  anteroposterior; MMSD  maximum mean seg-
mental dilation; Ep  pressure strain elastic modulus; R2  square of
Pearson coefficient of correlation.
*P corresponds to the test of the hypothesis of zero slope: P  .05 was
considered statistically significant.(1.7).15 Results obtained with the TDI system in a con-
Values calculated for 54 AAAs after retrieval of two outlying AAAs.
MMSD Maximum mean segmental dilation; AP  anteroposterior; Ep  pressure strain elastic modulus; Pa  pascal; IQR  interquartile range.
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stiffness values largely outside the IQR values reported in Table III have been circled. (A) Relationship between Ep and
maximum AP diameter. The values are not log transformed. (B) Relationship between stiffness and maximum APTable IV. AAA  45 mm vs AAA  45 mm: Comparison of parameters
Parameters
Maximum AP diameter 45 mm
(n 39)
Maximum AP diameter 45 mm
(n 17) P*
MMSD (m), median [IQR] 501 [342.5; 646] 895 [756.5; 1343] .0002
Segmental compliance (m/Pa), median [IQR] 0.13 [0.08; 0.18] 0.25 [0.17; 0.30] .004
EP (Pa), median [IQR] 3.75 105 [2.7; 6.8] 3.4 105 [2.6; 4.3] .43
3.75 105 [2.7; 6]† 3.3 105 [2.5; 3.6]† .15†
Stiffness, median [IQR] 29.1 [20.4; 44] 23.2 [21.6; 30.2] .24
29.1 [20.4; 44]† 23.1 [21.5; 27]† .065†
*P value after Mann-Whitney test. P  .05 was considered statistically significant.
†diameter. The values are not log transformed.
ed.
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interesting, but it was not performed in this study.
This study showed an increase in MMSD and segmen-
tal compliance as well as a nonsignificant trend toward
increased distensibility (decreased Ep and stiffness) with an
increase in AAA diameter. A change in the dispersion of
AAA distensibility values seemed to appear at around 45
mm in diameter.
These results are not contradictory by themselves when
considering the definition of the parameters. MMSD is a
very simple way of describing absolute radial expansion of
the entire AAA during the cardiac cycle, but it does not take
into account diastolic diameter and stress (here represented
by pulsed pressure, which is the difference between systolic
and diastolic blood pressure). Segmental compliance gives
the value of dilation in relation to pulsed pressure indepen-
dently of AAA diameter. Finally, Ep expresses a ratio be-
tween stress (change in blood pressure corresponding to
pulsed pressure) and strain (fractional change in arterial
diameter during the cardiac cycle in response to this pulsed
Fig 3. Box-and-whisker plots. The box indicates the low
the median. The whiskers indicate the extreme values. (A
including all the aneurysms and (right) after retrieval of
Stiffness values in groups 1 and 2. Box-and-whisker plot
of two outlying points. The values are not log transformpressure) at maximum diameter.25The results obtained here mean that the larger the
AAA, the greater the radial extension. They also show a
nonsignificant trend toward inverse correlation between
AAA diameter and the value of stress (pulse pressure)
required to obtain the same fractional change in diame-
ter during the cardiac cycle in response to this stress.
That would show the following trend: the larger the
AAA, the lower the value of stress, which would seem
necessary to obtain the same fractional change in diame-
ter during the cardiac cycle in response to this stress. This
result might be in relation to a possibly more distensible
wall.
To our knowledge, no previous study has used segmen-
tal parameters applied to AAA. Therefore, the present
findings about aneurismal segmental expansion in diameter
could not be compared with the literature. Using Ep and
stiffness values at maximum diameter, AAA distensibility
has been studied with regard to AAA size and AAA out-
come (rupture or no rupture). Because end points and
designs of other studies differ from ours, comparisons are
5th) and upper (75th) percentiles, and the central line is
values in groups 1 and 2. Box-and-whisker plots: (left)
utlying points. The values are not log transformed. (B)
t) including all the aneurysms and (right) after retrievaler (2
) Ep
two o
s: (leflimited.
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aneurysm size in a prospective cross-sectional report by
Länne.11 The same team26 more recently reported that
they found no correlation between diameter and the stiff-
ness of AAA in men or in women. No distinction was made
between small and large AAA in either study, and the final
outcomes of patients were not reported.
A relationship between AAA distensibility and risk of
rupture has previously been reported in two longitudinal
studies published by Sonesson27 and Wilson.9 In Sones-
son’s study,27 there was no difference in aortic stiffness
between AAAs that subsequently ruptured and those elec-
tively operated on. In a recent prospective longitudinal
study, Wilson9 showed a significant increase in maximum
diameter and a significant decrease in distensibility (in-
crease in Ep and stiffness) between baseline and last fol-
low-up for the whole population. AAAs that went on to
rupture tended to be more distensible at baseline compared
with nonruptured AAAs. They also tended to be more
distensible at last follow-up compared with nonruptured
AAAs. Nevertheless, the difference was not statistically
significant at baseline or at the last follow-up. Using a Cox
proportional hazards model, larger maximum diameter,
lower change in Ep, and higher diastolic blood pressure
were significant independent predictors of time to rupture.
In these last two studies, distensibility at baseline was not
analyzed in relation to initial AAA size, and therefore no
comparison can be made with the study reported here.
Dispersions of Ep and stiffness values were wide, indi-
cating heterogeneity of wall distensibility among small
AAAs, and that after 45 mm this dispersion tended to
decrease after 45 mm, indicating that AAAs seemed to
adopt the same increased distensibility. A wide dispersion
of Ep and stiffness values has been previously reported by
Länne11 and Wilson,13 but no distinction was made be-
tween AAA 45 mm or45 mm. It could be argued that
dispersion of rigidity values characterizing AAA  45 mm
and AAA  45 mm in fact reflects a lack of reproducibility
in measuring these parameters: using the TDI system, it has
previously been shown that there is no linear relationship
between measurement value and error.16 Two other limits
may be the greater number of AAA  45 mm compared
with those 45 mm, and the presence of two outlying
points defined on values largely outside the calculated IQR.
Therefore, a larger study will be needed to clarify this
finding.
The present study showed an increase in MMSD and
segmental compliance as well as a nonsignificant trend
toward increased distensibility (decreased Ep and stiffness)
with increase in AAA diameter. A change in the dispersion
of AAA distensibility values seems to appear at around 45
mm in diameter.
Four main mechanisms seem to be relevant to AAA
formation and expansion. These are proteolytic degrada-
tion of aortic wall connective tissue, inflammation and
immune response, biomechanical wall stress, andmolecular
genetics.5,6 Sakalihasan28 previously reported early degra-
dation of elastin followed by changes in collagen polymers,supporting the hypothesis that degradation of elastin might
play a role in AAA dilation, whereas subsequent collagen
changes could lead to rupture. Distensibility might there-
fore reflect AAA wall elastin and collagen metabolism.14 In
a study of 62 patients with AAAs, Wilson14 showed that
patients with biological evidence of increased elastolysis
had more distensible AAAs. Circulating markers of elastin
degradation were not related to AAA diameter, leading to
the conclusion that AAA wall elastolysis might not be
uniform within AAAs of the same diameter. However, no
distinction was made between small and large AAAs.
Increase in MMSD and segmental compliance with
increase in AAA diameter observed here could therefore
reflect progressive elastolysis involved in AAA dilation. The
dispersion of Ep and stiffness values could reflect heteroge-
neous wall elastin and collagen metabolism in AAA  45
mm, contrasting with more homogenous parietal wall re-
modeling in larger AAAs. Because the present study was
not a follow-up study, and because we have not studied the
relationship with AAA outcome, particularly rupture, we
cannot conclude regarding the relationship between dis-
tensibility and expansion rate or risk of rupture. A longitu-
dinal prospective study including diameter monitoring of
small AAAs combined with measurement of AAA compli-
ance and serummarkers of elastin and collagen metabolism
should provide greater understanding of the natural history
of AAA, combining information about growth rate, evolu-
tion of parietal distensibility, and parietal metabolism.
Compliance parameters can easily be measured during
routine AAA ultrasoundmonitoring using the tissueDopp-
ler imaging system. The study showed an increase in
MMSD and segmental compliance as well as a nonsignifi-
cant trend toward increased distensibility (decreased Ep
and stiffness) with increased AAA diameter. A change in
dispersion of AAA distensibility may appear at around 45
mm in diameter, but a larger study will be needed to clarify
this.
The authors thank Doreen Raine for correcting the
English language and Fabien Vitry, MD, for statistical
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